We develop a monthly output index of the U.S. Transportation sector over 1980Transportation sector over :1-2002 covering air, rail, water, truck, transit and pipeline activities. Separate indexes for freight and passenger are also constructed. Our total transportation output index matches very well with the annual transportation output figures produced by the Bureau of Labor Statistics (BLS) and the Bureau of Economic Analysis (BEA). The strong cyclical movements in the transportation output appear to be more synchronized with the growth slowdowns rather than full-fledged recessions of the U.S. economy. The index has led the turning points of the six NBER-defined growth cycles over the period with an average lead-time of 6 months at peaks and 5 months at troughs.
INTRODUCTION
In this paper we develop an index of monthly economic activity for the transportation sector of the U.S. economy. In contemporary business cycle analysis, output is one of the four coincident economic indicators of the overall economy. Output refers to the physical quantity of items produced, as distinct from sales value, which combines quantity and price. In our context, transportation output measures freight movements and passenger travel by different transportation modes, i.e., subsectors of the transportation sector. There is, however, no unique indicator to measure the output of the transportation sector, on a monthly basis. The Bureau of Economic Analysis (BEA) and Bureau of Labor Statistics (BLS) of the federal government produce output measures for the transportation sector, but only on an annual basis. Unlike the manufacturing sector, the Federal Reserve Board (FRB) does not produce an index of production for service industries like the transportation sector.
Even though there has been considerable development of NBER type indicator analysis for the whole economy, little work has been done in developing sectoral indicators. While Layton and Moore (1989) have developed leading indicators for the service sector, there has been no monthly index of output for particular service industries.
In order to construct a monthly index of output for the transportation sector, it is, first, necessary to determine the constituent parts of the industry. We do that in the next section. Then we discuss the output data that are available for each of these components of the transportation sector. We will also explore possible use of the output index in business and growth cycle analysis.
The newly developed output index will be compared against the annual transportation output figures produced by BEA and BLS.
COMPONENTS OF THE TRANSPORTATION SECTOR
Our definition of the industry is based on the North American Industrial Classification System (NAICS). This definition will also conform to the Transportation Satellite Accounts (TSAs) associated with the National Income and Product Account (NIPA). So far, however, TSAs are only available for the years 1992 and 1996.
Even though the transportation activities in general include House Production of Transportation Services (HPTS) through user-operated automobiles, and in-house as well as forhire transportation by commercial establishments, in this study we only consider for-hire commercial activities for lack of available monthly data on the other two components. Official data on transportation services, defined in either SIC or NAICS, are confined only to establishments that provide passenger and/or freight transportation services for a fee. Neither in-house transportation nor HPTS are counted in. (November, 2001) . Nevertheless a monthly useful index of economic activity in the transportation sector can be derived from these series, because the subsectors that they represent constitute a significant portion of the entire industry. Moreover, the transportation subsectors that we are using to construct the index of transportation output account for a substantial portion of U.S. GDP. The aggregate value of forhire transportation accounted for 3.1% and 3.0% of GDP in 1992 and 1996 respectively, (Fang et al. 1998 . 2 Given the critical role that transportation plays in facilitating economic activity between sectors and across regions, index of its output can potentially be an important indicator for either the current or future level of general economic activity, see Ghosh and Wolf (1997) .
DATA
The total Transportation Output Index was developed from eight series. Five of these series measure the level of activity in the freight component of the industry. The remaining three measures the level of passenger transportation services. The series used to measure the freight component of transportation services activity were: trucking tonnage, air revenue ton miles, rail revenue ton miles, 3 a waterway tonnage indicator, and pipeline movements of petroleum products 2 These numbers and other measures on the importance of transportation were derived from the value added of the industry. Using different concepts about the scope of the transportation industry would yield different measures of its importance, varying anywhere from 3.09% (Transportation GDP) to 16.50% (Transportation-driven GDP). See Han and Fang (2000) . 3 The monthly Rail revenue passenger miles data were obtained by interpolating the quarterly figures. We are now working on weekly railroad data on carloads and intermodal traffic to construct monthly series. These figures will be and natural gas. Similarly, the passenger output index was constructed from three series: air revenue passenger miles, rail revenue passenger miles, 4 and national transit Ridership. The sources and characteristics of all of these series are provided in the Appendix 1.
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With the exception of the pipeline data, all of the data were available from 1980:1-2002:4.
The pipeline data were available from 1985:1 onward. The series that we use to measure pipeline transportation is constructed from data on movements of crude oil & petroleum products, consumption of natural gas, and the field production in Alaska. The transit data is monthly, but is available only on a quarterly basis. 6 Alaskan petroleum used to be mostly consumed within Alaska or other PADD 5 regions due to an export ban. This ban was lifted in the early 1990s, and now most of it is exported to Japan. 7 The conversion factors were obtained from the Department of Energy (DOE). They are presented in the Appendix 1. DOE actually has two types of conversion factors, one based on Btu's and one based on mass. Both yield similar estimates.
In constructing the index, the weights were adjusted for the years in which the pipeline data were not available. Each series was then seasonally adjusted using the Census X-11 program. 8 We used the econometric software EViews (version 3.1) for the purpose. Since all of these series measure real quantities, no price deflation was required.
INDEX CONSTRUCTION Weights for the Components Series
The total output of this industry is an aggregate of real output generated by each of the components. The data from the eight series were used to construct the Transportation Output Index. Each of these series represents the output quantity of a subsector of the transportation sector. Therefore, each of these series was converted into index number form with 1996 =100.
In order to construct the Transportation Output Index, I m A (superscript, A, denotes "aggregate", and subscript, m, denotes the month), for the entire transportation sector, the indexes of these subsectors were combined by assigning weights to each of the components. The weights measure the relative importance of each transportation subsector to the entire sector. They are also interpreted as "price" of services provided by different transportation modes for quantity indexes.
While there are several different ways of measuring the relative importance of each subsector, we used value added weights from NIPA. In our context, the value added weights are more appropriate than gross output because transportation is an intermediate sector whose economic contribution is only the difference in values of goods in the process of transportation. This exactly conforms to the concept of GDP. These weights were obtained from the annually updated "gross product by industry" water transportation and public transit) were always below 8.0% and changed little over this period. The graph also reflects the fact that economy has become less freight-intensive in that the total weight for freight movements relative to the total transportation activities has steadily shrunk from 72.3% to 61.1% in past two decades.
Fisher-ideal Index
Given the weights, component series are aggregated into one single index using different index methods. Economic theory indicates that the preferred measure of quantity change is a geometric mean of the Laspeyres index and the Paasche index. This results in the so-called Fisher-ideal quantity index. Fisher-ideal index is one of the "superlative" aggregate indexes, which means current-weighted, while the other two are fixed-weighted using weights in a single period. The use of fixed-weighted measures of quantity index, such as those derived from Laspeyres quantity index may result in a "substitution bias" that causes an overstatement of output growth for periods after the base year and an understatement of growth for periods before the base year, see Landefeld and Parker (1995) for further explanation. The tendency of "substitution bias" reflects the fact that those commodities for which output grows rapidly tend to be those for which prices change less proportionately. Although this bias may be small enough to be safely ignored for shorter sample periods, the output measures derived from a fixed-weighted index can become increasingly subject to "weighting effects" as the time between weighting period and the current period lengthens. A similar but opposite problem occurs with the other type of fixed-weighted index, the Paasche quantity index, which uses current period prices as weights.
The Fisher-ideal index registers changes that fall between those from Laspeyres and Paasche indexes, and is a chain index. Because of many advantages, BEA has been publishing NIPA with this new methodology since 1996 (Landefeld and Parker, 1995) . The Board of
Governors of Federal Reserve Board has also adopted the Fisher-ideal formula in constructing the Industrial Production Index (Corrado, Gilbert and Raddock, 1997) (2) Figure 2 compares the Fisher-ideal index of total transportation output with its alternative index computed from the linked-Laspeyres. 9 They are found to be almost identical. Any difference would arise from the weights they are using. As seen from Figure 1 , the weight on the largest component, trucking, has been pretty stable in the sample period, which limits any potential substitution bias. The Federal Reserve Board also found a similar result when they recomputed their Industrial Production Index using the Fisher-ideal index (Corrado, Gilbert and Raddock, 1997) . 10 However, because of its potential advantages, the transportation indexes derived from Fisher-ideal quantity index will be used for our analysis throughout this paper. 9 The standard formula for linked-Laspeyres quantity index is I m A = Σ I m .p 0 / Σ I 0 .p 0 where p 0 is the price in the base period. (Note that we set I 0 = 100.) It shows changes in physical movements in the transportation sector with prices held fixed at base year values, which is 1996 here (Corrado, Gilbert and Raddock, 1997) . Since the public transit subsector is often supported by public subsidies, its value added figures are sometimes negative. As a result, we had to calculate the weight assigned to this sector as the average of the ratio of its output to the total transportation industry output for 1996. For airlines and railroads we determined the relative amount of operating revenue obtained from transporting passengers and freight to disaggregate the weight into passenger and freight. The weights for the Laspeyres index are obtained from 1996 TSA and presented in Table 1 . 10 We thank Professor Ariel Pakes of Harvard University for an illuminating discussion on this finding.
THE CHARACTERISTICS OF THE INDEX Classical Business Cycles
The monthly 1981:7 -1982:12, 1990:7 -1991:3, and 2001:3 -2001:11 . Sharp downward movements are also observed in both the Freight Index and the Passenger Index with the impact of 9/11 most pronounced in the Passenger Index. Overall, the cyclical movement of the Freight Index dominates that in the Total Transportation Output Index.
The peak (trough) is defined to have occurred when the Transportation Output Index reached the highest (lowest) point of its cyclical fluctuations, which would exclude some temporary positive (negative) irregular disturbances from consideration. We followed the NBER dating algorithm described in Bry and Boschan (1971, Chap 2) to identify each of the peaks and troughs. The algorithm uses a series of rules to distinguish the real peaks and troughs from spurious ones. For instance, a movement from a peak to a trough (phase) cannot be shorter than six months and a complete cycle must be at least fifteen months long. Using these criteria, the cyclical turning points of the Total Transportation Output Index together with the NBER business and growth cycle chronologies are reported in Table 2 . From this table, we find that cyclical 11 the signals for recovery were almost contemporaneous. The index would have given two false signals for economic recessions in 1984:8 and 1994:12. However, they were really not false in the sense that these peaks were followed by growth recessions in the economy. Hence, the strong cyclical movements in the transportation output appear to be more synchronized with the growth slowdowns rather than full-fledged recessions of the U.S. economy. This also suggests that the cyclical movements in these indexes foreshadow the growth cycles of the economy more consistently than the business cycles. Thus, the newly constructed transportation output index can be very useful in monitoring the fluctuations in general economic activity from the perspective of transportation.
When we look at the freight and passenger transportation indexes separately in Figures 3b and 3c, we find that the cyclical movements in the Total Transportation Output Index are mostly 
Growth Cycles
The growth cycles are periods when the economy undergoes alternating periods of decelerations and accelerations of growth that often do not develop into full-fledged recessions, see Zarnowitz (1992, Chapters 7 and 8) and Zarnowitz and Ozyildirim (2002) . Growth cycles are less well known compared with classical business cycles, and they usually cover both full-fledged business cycles and growth slowdowns. Technically, the growth cycle refers to the cyclical component of a typical time series, which is the deviation of seasonally adjusted series from its estimated trend.
Over our sample period, there were six such episodes in the overall economy, four of which include the recessions of the period. They are all clearly discernable with major downswings in the Total Transportation Output Index in Figures 3a-3c .
Depending on the method of estimation of the trend from a time series, growth cycles could be different. The conventional NBER algorithm to estimate the secular trend and identify the growth cycles is the Phase Average Trend (PAT) method (Boschan and Ebanks, 1978) . The PAT starts with determining preliminary turning points based on the deviation from 75-month moving average (first approximation) of a deseasonalized time series. Then values at the turning points are averaged to obtain "phase averages" (each phase is defined on two turning points). The 3-item moving averages of these phase averages are subsequently computed to obtain the socalled "triplets". The midpoints of the triplets are connected, and the connected level series is further adjusted to match the level of the original series. Then a 12-month moving average (second approximation) of the adjusted series yields the estimated secular trend.
12
With the estimated trend, the NBER growth cycles are defined based on the deviation of the deseasonalized series from PAT. We then compare the growth cycles of the Transportation Output Index obtained using PAT to the NBER growth cycle chronology. The growth cycles of the Transportation Output Index together with its smoothed version are pitted against the NBER-12 Since the calculation of PAT can be tedious, a good alternative would be the use of H-P filter (Hodrick and Prescott, 1997) . H-P filter chooses the trend value S t of the deseasonalized data Y t to minimize: The larger the value of λ is, the smoother will be the trend. Currently, H-P filter can be implemented using most econometric softwares (such as EViews). Zarnowitz and Ozyildirim (2002) point out that the selection of the trend is inevitably associated with considerable arbitrariness, which has long been a source of puzzle in the literature of growth cycle. However, they found that estimated trends are generally similar between PAT and H-P filter when the value of λ is around 108,000 for monthly data, and PAT is superior to its alternatives in the matter of details. Consistent with their finding, with the value of λ=108,000, the two estimated trends based on PAT and H-P filter were very similar, as depicted in Figure 4 . By its very nature, however, PAT attributes a somewhat bigger part of the cyclical movements to trend. defined growth cycles for the overall economy in Figure 5 . The smoothing was done using a filter developed by Statistics Canada (Hertzberg and Beckman, 1989) . We find that the Total Transportation Output Index led the growth cycle consistently with average lead times of 6 at peaks and 5 months at troughs. Only for the economic slowdown of 1995:1 -1996:1, the Transportation Output Index was roughly coincident both at the peak and the trough. Figure 5 also reveals slowdowns in the transportation sector during 1992:7 -1993:8 and 1997:10 -1998:8, which were not followed by corresponding slowdowns in the overall economy. The slowdown of 1992:7 -1993:8 was mainly due to a sharp decline in air passenger travel at that time. The slowdown of 1997:10 -1998:8 was rather short and shallow compared to others. Except for these caveats, our Transportation Output Index gave correct signals for all economy-wide slowdowns of the period. A look at the Freight Index and Passenger Index suggests that the classical business cycle and growth cycle characteristics of transportation output is mainly due to its freight component, and its passenger component do not show a consistent lead-lag relationship with economy reference cycle.
We should, however, point out that the lead-time analysis presented above does not take into account either the lag involved in obtaining the data necessary to construct the series or the necessity of employing a filter rule that by its very nature involves a delay in identifying a turn. It is necessary to develop some filter rule (e.g., three consecutive decline rule for signaling a downturn) that would enable analysts, in real time, to distinguish between the irregular movements and the true signals of cyclical turns.
13 After all, a leading indicator is only as good as the filter rule that interprets its movements. These rules typically involve trade-offs of accuracy 13 For a discussion of alternative rules for forecasting the cyclical movements of the Composite Index of Leading Indicators for the economy, see Stekler (1991, pp.169-81) .
for timeliness and miss signals for false alarms, see Lahiri and Wang (1994) . We have so far identified the peaks and troughs of the indexes from an ex-post perspective. Further analysis is needed to establish the ex ante predictive ability of the Transportation Output Index. In future research, we plan to develop filter rules that would enable us, in real time, to distinguish between the irregular movements and the true signals of cyclical turns.
COMPARISON WITH ALTERNATIVE OUTPUT MEASURES
It is also possible to compare our Total Transportation Output Index with annual data that BEA and BLS produce on the Gross Output of the transportation sector. Gordon (1992) , and more recently, Bosworth (2001) and Yuskavage (2001) four transportation output series are derived using four widely different approaches, they show remarkably similar trends, as depicted in Figure 6 . In these graphs, values of all series were normalized at 1996 = 100. The average values of the four series are also very similar. The BEA series, which has a more comprehensive coverage and are benchmarked to five-year economic census, has stayed very close to our Transportation Output Index throughout the 90's, whereas the BLS series seemed to have slowed down since 1998. More importantly, it appears that the three alternative annual output measures reflect the long-term trends and our monthly transportation output measure is superior to them in reflecting cyclical movements in this sector. In the graph, our Transportation Output Index deviates temporarily from the other three series whenever there are recessions and growth slowdowns in the economy.
Following Gordon (1992) and Bosworth (2001) , in Table 3 , we have presented alternative estimates of output growth in the transportation sector and its three major subsectors -trucking, railroads and airlines -during 1980 -2000 as obtained from BEA, BLS experimental output series and our output measure. For this comparison, we did not include the BLS real output series because it is available only after 1987, and also because it is very similar to the BLS experimental series. The growth rates are also reported separately for 1980 -1991 and 1992 -2000 . In computing these rates, we converted our monthly values to annual figures. For the total output, the growth rates of our index fall between BEA and BLS rates in all periods. The same is true for trucking except that our index has a higher growth rate than both BEA and BLS during 1992 -2000. For the airlines, ours is almost the same as that of BLS experiment output, whereas the BEA figures are somewhat higher than the other two. For the railroads, ours has higher rates of growth than that of BEA and BLS for the overall period and in the 1990's. During 1980 -1991, the railroads growth rate of our index was in between the BEA and BLS values.
Interestingly, we find that our monthly index has a lot more cyclical variation than the other three series. This is not surprising in the view of the fact that the BEA and BLS values are annual, and are benchmarked to five-year economic surveys. Given that we have constructed the total Transportation Output Index using monthly data on eight constituent series, most of which heretofore where were unused, it is heartening to note the level of concordance that we find in the three series. The advantage of our approach, however, is that the index can be made available on a monthly basis such that the health of transportation sector can be monitored in real time. pronounced cyclical movements than these annual measures. Thus, our approach in measuring output in the transportation sector can be useful in the measurement of productivity in this sector, and can be extended to other non-manufacturing sectors as well.
CONCLUSIONS
We also examine the characteristics of the transportation output measure in relation to the classical business cycles and the growth cycles of the overall economy. The transportation output cycles are studied using the Phase Average Trend (PAT) and Hodrick-Prescott filter. The strong cyclical movements in the transportation output appear to be more synchronized with the growth slowdowns rather than the full-fledged recessions of the U.S. economy. Based on the cycles generated from PAT, we found that the index has led the NBER-defined growth cycles with an average lead-time of 6 months at peaks and 5 months at troughs with almost no false signals.
Admittedly, the lead/lag analysis reported here is retrospective. In future research we would like to develop ex ante filter rules that would enable us, in real time, to distinguish between true cyclical turns and irregular movements of the transportation series. We need further analysis to establish the ex ante predictive value of the Transportation Output Index.
While we believe that the Total Transportation Output Index yields a valid measure of output in the industry, we recognize that there are some data problems and that refinements in the indexes may be necessary to improve it in the future.
This Transportation Output Index only measures output in the services sector of the industry. The activity involved in the production of transportation equipment is not included, neither is the activity involved in the construction of transportation infrastructure.
Within the services sector only for-hire transportation is included. The activity involved in intrafirm (in-house) and household transportation (HPTS) has been excluded. To the extent that for-hire and these two transportation activities display different trends, the current Index will not yield a precise picture of economic activity in the industry. Han and Fang (2000) estimated that in-house and for-hire components of total transportation activity constituted nearly 1.97% and 3.16% of total GDP in 1997. Furthermore, Chen et al. (2003) estimated the magnitude of HPTS to be about 1.9 times that of all for-hire transportation industries during 1991-2000. Inclusion of both in-house and HPTS components would increase the contribution of transportation services to the total GDP from 3.16% to11.0%, if based on TSA 1997 data. In future, it will be useful to incorporate these two components as part of our transportation output index once their monthly data are available. In addition, the index has excluded activity in some of the minor for-hire subsectors like scenic and sightseeing, support activities, postal service, and couriers & messengers of the transportation sector.
The waterborne component of the index only includes internal waterway traffic. It does not include deep seas, Great Lakes, coastal trade or cruise travel. Again, if the trends in the excluded items differ from the data that were included, the results would be imprecise. But, monthly data on some of these excluded items are currently being developed at the U.S. Army Corps of Engineers, and can be easily integrated in our analysis, as soon as they are available.
The monthly data on national transit ridership data is available only quarterly, and comes with a lag of four months. Other monthly data are available sometimes with a lag of 1-3 months. For the purpose of releasing the output index within the usual lag of 1-2 months, some of the latest monthly data have to be forecasted on a provisional basis using methods discussed in McGuckin, Ozyildirim and Zarnowitz (2001).
Fortunately, however, the major components of the series (viz., trucking, air, and rail freight) are available quite promptly, and hence monthly figures for the total transportation sector can be reported soon after a month with confidence.
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